GLR-1::GFP in two APC mutants by using quantitative We previously showed that ubiquitin is directly conjufluorescence microscopy. The amplitudes (%⌬F/F), gated to GLR-1, a C. elegans non-NMDA (N-methyl-Dwidths, and density of GLR-1::GFP puncta in the ventral aspartate) class glutamate receptor (GluR), resulting cord were measured as previously described [13] . The in its removal from synapses [13] . By contrast, endocydistribution of GLR-1::GFP in wild-type animals was tosis of rodent AMPA GluRs is apparently regulated temperature dependent, with puncta widths being sigby ubiquitination of associated scaffolding proteins nificantly wider after the shift to 25ЊC (1.24 Ϯ 0.06 m [12, 14]. Relatively little is known about the E3 ligases at 20ЊC versus 1.55 Ϯ 0.06 m at 25ЊC). Despite this that mediate these effects. We examined the effects intrinsic temperature dependence, we found that GLRof perturbing APC function on postmitotic neurons 1::GFP puncta widths were significantly increased in in the nematode C. elegans. Temperature-sensitive both mat-1 CDC27 (18% increase, p Ͻ 0.01 t test) and mutations in APC subunits increased the abundance emb-27 CDC16 (26% increase, p Ͻ 0.001) mutants comof GLR-1 in the ventral nerve cord. Mutations that block pared to wild-type controls subjected to identical temclathrin-mediated endocytosis blocked the effects of the perature shift paradigms (Figures 1I-1K ). By contrast, APC mutations, suggesting that the APC regulates puncta amplitudes and densities did not change signifisome aspect of GLR-1 recycling. Overexpression of cantly in these mutants ( Figures 1L-1M) . In both cases, ubiquitin decreased the density of GLR-1-containing expression of wild-type mat-1 CDC27 or emb-27 CDC16 synapses, and APC mutations blunted this effect. APC cDNAs rescued the defect in puncta widths observed mutants had locomotion defects consistent with inin these mutants ( Figures 1A-1E and 1I-1K ). Expression creased synaptic strength. This study defines a novel of the glr-1 promoter, which was used to drive expresfunction for the APC in postmitotic neurons.
bind directly to substrates, and constructs driving the are consistent with the idea that the CDH1-activated form of the APC regulates GLR-1 receptors; however, expression of the isolated substrate binding domains can function as dominant negatives [26]. Transgenic we cannot exclude the possibility that CDC20 is also involved. These results are consistent with reports indianimals overexpressing DN-CDH1 (nuIs133) had significantly increased GLR-1::GFP puncta amplitudes and cating that CDH1 subunits are expressed in chick and rodent brains, whereas CDC20 subunits are not [4, 6] . widths ( Figure S1 in the Supplemental Data available with this article online), whereas those expressing We previously showed that overexpression of Myctagged ubiquitin (MUb) in the ventral-cord interneurons DN-CDC20 had no effect (data not shown). These results results in the formation of MUb-GLR-1 conjugates and decreases the amplitude and density of GLR-1::GFP puncta (Figure 3 ) [13] . We found that mat-1 CDC27 (Figures 3C and 3F ) and emb-27 CDC16 (Figures 3D and 3F) mutations both significantly decreased the effects of MUb overexpression on the density of GLR-1::GFP puncta. The mat-1 CDC27 mutation also decreased the effect of MUb on puncta amplitudes, whereas the emb-27 CDC16 mutation did not ( Figure 3E ). These results suggest that the APC is one of the E3 ligases that mediates the effects of ubiquitin on GLR-1-containing synapses.
One potential explanation for our results is that GLR-1 is a direct target of the APC. Several results suggest that this is unlikely. First, GLR-1 does not contain any predicted D-box or KEN-box motifs, which mediate recognition of APC targets [1, 2] . Second, mat-1 CDC27 and emb-27 CDC16 mutations partially blocked the ubiquitin-induced decrease in GLR-1::GFP puncta density ( Figure 3F ). In contrast, a GLR-1 mutant that lacks cytoplasmic lysine residues (GLR-1[4KR]) and is not ubiquitinated did not block the ubiquitin-induced decrease in puncta density [13] . We previously reported that ubiquitin promotes loss Consequently, it is likely that the activity of E3 ligases will be regulated and that this may provide a mechanism of GLR-1-containing synapses and produces behavioral changes consistent with reduced synaptic strength [13] .
underlying some forms of activity-dependent plasticity. Our current study identifies the APC as one of the E3 enzymes involved in this process. Our results indicate 
